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(57) ABSTRACT

The shield includes: a first dust-proof wall that is shiftable
integrally with the projection lens, and has width al project-
ing from the projection lens to an A side; and a second dust-
proof wall that is slidable within a range regulated by the
regulator, and has length b1 on the A side. When the second
dust-proof wall has length c2 shiftable to a B side, the pro-
jection lens and the second dust-proof wall form a space
having length d1 on the A side, and the projection lens and the
frame form a space having length el on the A side, al=d1,
blzel-dl, and b1+d1-el=c2 are satisfied.

6 Claims, 6 Drawing Sheets
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HOUSING FOR PROJECTION DISPLAY
DEVICE AND PROJECTION DISPLAY
DEVICE INCLUDING HOUSING FOR

PROJECTION DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

BACKGROUND

The present disclosure relates to a housing having a dust-
proof structure and adapted for a projection display device,
and a projection display device including the housing for a
projection display device.

Unexamined Japanese Patent Publication No. 2004-
205686 discloses a housing having a dust-proof structure and
adapted for a projection display device. The housing for a
projection display device includes a frame, a shiftable pro-
jection lens, and a shield. The shield has a first shield member,
a second shield member, and a third shield member. The
housing for a projection display device thus configured is
capable of protecting the inside of the housing from dust.

SUMMARY OF THE DISCLOSURE

The present disclosure provides a housing for a projection
display device, where the housing is relatively small in size
and is capable of protecting the inside of the housing from
dust.

The housing for a projection display device according to
the present disclosure includes: a frame having an opening in
which a projection lens is located so as to be shiftable in a first
axis direction; a shield shiftable in the first axis direction with
respect to the frame, for shielding the opening along with the
projection lens; and a regulator for regulating shift of the
shield. The shield includes: a first dust-proof wall that is
located so as to be in contact with an outer periphery of the
projection lens, is shiftable integrally with the projection lens,
and has a first width projecting from the outer periphery of the
projection lens to a first side in the first axis direction; and a
second dust-proof wall that is located between the opening
and the first dust-proof wall so as to have a space from the
outer periphery of the projection lens, is slidable in the first
axis direction within a range regulated by the regulator, and
has a second width corresponding to a length of a portion on
the first side. When the projection lens is located at a first
position and the second dust-proof wall is located at a second
position, assume that the second dust-proof wall has a third
width corresponding to a length shiftable from the second
position to a second side opposite to the first side with respect
to the projection lens, a fourth width corresponding to a
length of a portion on the first side in a space between the
outer periphery of the projection lens and the second dust-
proof wall, and a fifth width corresponding to a length of a
portion on the first side in a space between the outer periphery
of the projection lens and the frame. In this case, the first
width is not less than the fourth width, the second width is not
less than a length obtained by subtracting the fourth width
from the fifth width, and a length obtained by subtracting the
fifth width from a sum of the second width and the fourth
width is not less than the third width.

The housing for a projection display device according to
the present disclosure is relatively small in size and is capable
of protecting the inside of the housing from dust.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view of outer appearance, showing
a state of use of a projector according to a first exemplary
embodiment;
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2

FIG. 2 is a view of the configuration of the projector
according to the first exemplary embodiment;

FIG. 3 is a view of the configuration around a projection
lens of the projector according to the first exemplary embodi-
ment;

FIG. 4 is a view of the configuration around the projection
lens of the projector according to the first exemplary embodi-
ment;

FIG. 5A is an explanatory view of the effects of the pro-
jector according to the first exemplary embodiment;

FIG. 5B is an explanatory view of the effect of the projector
according to the first exemplary embodiment; and

FIG. 6 is a view of the configuration around a projection
lens of a projector according to a second exemplary embodi-
ment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Exemplary embodiments are described below with refer-
ence to the drawings where appropriate. It is noted that exces-
sive details may not be described. For example, details of well
known matters or repetitious description of substantially
same configurations may not be provided in some cases. This
is for avoiding unnecessary long description and for allowing
those skilled in the art to easily understand the present tech-
nique.

The inventor(s) provides the accompanying drawings and
the following description in order to help those skilled in the
art to sufficiently understand the present disclosure, and does
not intend to limit the subject matter recited in claims by
means of these drawings or the description.

First Exemplary Embodiment

The first exemplary embodiment is described below with
reference to FIGS. 1 to 5B.

[1-1. Configuration]

[1-1-1. Entire configuration]

FIG. 1 is a perspective view of outer appearance, showing
a state of use of projector 100. Projector 100 projects images
on screen 110. Projector 100 includes exterior panel 112,
lighting 115, image generator 150, and projection lens 170.
Exterior panel 112 accommodates lighting 115, image gen-
erator 150, and projection lens 170. Projection lens 170 is
partially exposed from an opening that is provided in a sur-
face in a projection direction of exterior panel 112. Projector
100 exemplifies a projection display device.

FIG. 2 is a pattern view of the configuration of projector
100. Lighting 115 generates a red light beam, a green light
beam, and a blue light beam used for generation of an image
and emits the generated light beams to image generator 150.
Image generator 150 generates an image using the respective
color light beams generated by lighting 115 on the basis of an
image signal transmitted from outside. The generated image
is projected on screen 110 through projection lens 170.

Lighting 115 includes light source 120, collimate lens 121,
condenser lens 122, diffuser 123, concave lens 124, dichroic
mirror 125, condenser lens 126, phosphor wheel 130, relay
lens 131, mirror 132, mirror 133, mirror 134, condenser lens
135, filter wheel 140, rod integrator 141, and relay lens 142.
Light source 120 includes a plurality of laser light sources for
emitting a blue light beam. Light source 120 emits a blue light
beam. The blue light beam is transformed to a parallel light
beam by collimate lens 121 and is then condensed toward
diffuser 123 by condenser lens 122. Ditfuser 123 appropri-
ately diffuses the blue light beam and almost equalizes lumi-
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nance distribution. Concave lens 124 transforms again the
blue light beam having passed through diffuser 123 to a
parallel light beam.

Dichroic mirror 125 reflects a blue light beam whereas
allows light beams in other colors to pass therethrough. Dich-
roic mirror 125 reflects the blue light beam from concave lens
124 to change its travel direction by 90 degrees. Condenser
lens 126 condenses the blue light beam from dichroic mirror
125 toward phosphor wheel 130.

Phosphor wheel 130 is rotated at predetermined angular
velocity by motor 130a. Phosphor wheel 130 includes a red
segment, a green segment, and a blue segment (not shown)
divided by predetermined angles. The red segment is pro-
vided, at a light incident surface, with a phosphor excited by
a blue light beam to emit a red light beam. The red segment
emits a red light beam in an incident direction. The green
segment is provided, at a light incident surface, with a phos-
phor excited by a blue light beam to emit a green light beam.
The green segment emits a green light beam in the incident
direction. The blue segment is provided with a through hole
so as to allow an incident blue light beam to simply pass
therethrough. Phosphor wheel 130 rotates to convert an inci-
dent blue light beam into a red light beam and a green light
beam in accordance with time division.

The blue light beam having passed through phosphor
wheel 130 is transformed to a parallel light beam by relay lens
131 and is then guided again to dichroic mirror 125 by mirror
132, mirror 133, and mirror 134. Dichroic mirror 125 reflects
the blue light beam from mirror 134 so as to change its travel
direction by 90 degrees.

Meanwhile, each of the red light beam and the green light
beam excited by phosphor wheel 130 passes through con-
denser lens 126 reversely again so as to be transformed to a
parallel light beam and enters dichroic mirror 125. Dichroic
mirror 125 allows the incident red light beam and the incident
green light beam to pass therethrough.

The blue light beam reflected by dichroic mirror 125 as
well as the red light beam and the green light beam having
passed through dichroic mirror 125 are parallel light beams
having parallel optical axes, and enter condenser lens 135 in
accordance with time division. Condenser lens 135 con-
denses the respective incident color light beams toward filter
wheel 140.

Filter wheel 140 is rotated by motor 140qa at the angular
velocity equal to that of phosphor wheel 130. Filter wheel 140
includes a red segment, a green segment, and a blue segment
(not shown) divided by predetermined angles. Phosphor
wheel 130 and filter wheel 140 rotate with synchronized
phases so that their segments in a same color correspond to
each other. In other words, each of the color light beams from
phosphor wheel 130 enters the segment in the same color of
filter wheel 140. The red segment and the green segment serve
as color filters that limit the ranges of passing wavelengths of
the incident red light beam and the incident green light beam.
The blue segment is made of transparent glass or the like and
allows an incident blue light beam to simply pass there-
through.

The respective color light beams from filter wheel 140
enter rod integrator 141. Rod integrator 141 equalizes illumi-
nance of an incident light beam and emits the equalized light
beam. Relay lens 142 guides the light beam from rod integra-
tor 141 to image generator 150.

Image generator 150 includes field lens 155, total internal
reflection (TIR) prism 157, and digital micromirror device
(DMD) 160. TIR prism 157 totally reflects an incident light
beam having passed through field lens 155 to guide the
reflected light beam to DMD 160. DMD 160 has a plurality of
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micromirrors that are located two-dimensionally on a plane.
DMD 160 deflects the respective micromirrors in accordance
with an image signal received by projector 100 in synchroni-
zation with the incident respective color light beams, so as to
divide the respective color light beams into a light beam to
enter projection lens 170, that is, an image, and a light beam
to be reflected outward from the effective range of projection
lens 170. The image passes through TIR prism 157 and enters
projection lens 170. In this manner, an image is generated
from a light beam having entered image generator 150.

Lastly, the generated image is projected on screen 110
through projection lens 170. Projection lens 170 is shiftable
perpendicularly to the optical axis of an entering image. The
projection direction of the image projected from projection
lens 170 can be adjusted by shifting projection lens 170.

[1-1-2. Configuration Around Projection Lens]

FIG. 3 is a view of the configuration around projection lens
170 of projector 100. FIG. 3 includes a sectional view taken
alonspacelane including the optical axis and parallel to an
A-B direction, of projection lens 170 and its periphery, and a
rear view thereof from backward in the direction of the optical
axis (in the projection direction of an image). The A-B direc-
tion is defined to be perpendicular to the installation surface
of projector 100 out of the directions perpendicular to the
optical axis of projection lens 170. In the A-B direction, to an
A side is defined as toward an upper surface of projector 100,
whereas to a B side is defined as toward a bottom surface
thereof. Hereinafter, the optical axis is assumed to mean the
optical axis of projection lens 170. The optical axis has posi-
tional relationship fixed with respect to projection lens 170
and is displaced along with projection lens 170. Projection
lens 170 is shiftable perpendicularly to the optical axis, and is
thus shiftable also in the A-B direction. For convenience,
description will be given below of a case where projection
lens 170 shifts mainly in the A-B direction on the cross
section in the figure.

Frame 200 is located inside exterior panel 112. Frame 200
has front surface 20056 and regulator 200c¢. Front surface 2005
has a rear face that includes at least a portion in contact with
second dust-proofwall 220 and is perpendicular to the optical
axis. In this case, a front face is defined as a face opposite to
screen 110 on which an image is projected, whereas the rear
face is defined as a face reverse to the front face. Front surface
2005 has opening 200a. Opening 200aq is defined as a sub-
stantially open portion. A substantially open portion means an
open region in which projection lens 170 is substantially
shiftable when projection lens 170 shifts in opening 200q. For
example, if the opening has a rectangular shape and the pro-
jection lens has a circular cross section (unlike the present
exemplary embodiment), the four corner regions in the rect-
angular shape are not included in the shiftable range of the
projection lens. These regions are thus not included in the
substantially open portion. A dimension of a portion adjacent
to the opening is also defined as a dimension from an end of
the substantially open portion. In the present exemplary
embodiment, the substantially open portion is defined for
convenience as being identical with the actual opening. Open-
ing width D (to be described later) of opening 220a and width
L (to be described later) of projection lens 170 are defined in
the same manners. Opening 200a has opening width E in the
A-B direction. As described above, opening 200a means the
substantially open portion. The opening width is accordingly
assumed to mean the width of the substantially open portion.
More specifically, opening width E indicates a distance from
the outer periphery on the A side in opening 200a when
projection lens 170 shifts to the farmost position on the A side
in opening 200q to the outer periphery on the B side in
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opening 200a when projection lens 170 shifts to the farmost
position on the B side in opening 200a. Opening 200a exem-
plifies a first opening. Opening width E exemplifies a first
opening width. Opening 200a in frame 200 and opening 1124
in exterior panel 112 are located at the same position when
viewed in the direction of the optical axis. Opening 1124 in
exterior panel 112 is shaped so as not to disturb shift of
projection lens 170. Projection lens 170 is provided so as to be
partially exposed from opening 200¢ in frame 200 and open-
ing 1124 in exterior panel 112. Projection lens 170 is shiftable
in opening 200q in frame 200.

Regulator 200¢ is provided at the inner peripheral surface
of a side surface of frame 200, and is in contact with the outer
periphery of second dust-proof wall 220 (to be described
later) of shield 205 so as to regulate the shiftable range.
Although not shown, regulator 200¢ is provided so as to
regulate the shiftable range of second dust-proof wall 220 in
the A-B direction as well as the shiftable ranges of second
dust-proof wall 220 in all of the shiftable directions.

Projection lens 170 is made freely shiftable on a plane
perpendicular to the optical axis by an operation unit (not
shown) connected to projection lens 170. In other words,
projector 100 has a lens shift function. The A-B direction
exemplifies a first axis direction.

Shield 205 shields a spacespace between frame 200 and
projection lens 170. In other words, shield 205 and projection
lens 170 shield opening 200q in frame 200. This configura-
tion inhibits entry of foreign substances such as dust from
outside to inside frame 200. The configuration including
frame 200, shield 205, and regulator 200¢ exemplifies a hous-
ing for a projection display device.

Shield 205 has first dust-proof wall 210 and second dust-
proofwall 220. First dust-proof wall 210 is made of sponge in
a flat plate shape. First dust-proof wall 210 has an opening
(not shown) penetrating from the front face to the rear face.
First dust-proof wall 210 is located inside frame 200, more
particularly, at the rear face of front surface 2006 of frame
200, such that the front face is perpendicular to the optical
axis. A portion of projection lens 170, where first dust-proof
wall 210 is located, has a circular cross sectional shape per-
pendicular to the optical axis. The cross section has a width in
the A-B direction, more particularly, distance L. from the outer
peripheral surface on the A side to the outer peripheral surface
onthe B side ofthe cross section of projection lens 170. Width
L exemplifies a seventh width. The opening in first dust-proof
wall 210 has the circular shape same as that of the cross
sectional shape. The opening in first dust-proof wall 210 has
an inner surface that is fixed so as to be in contact, without any
spacespace, with the outer peripheral surface of projection
lens 170. First dust-proof wall 210 has first dust-proof width
al projecting from the outer peripheral surface of projection
lens 170 to one side (to the A side in the figure) in the direction
perpendicular to the optical axis, and first dust-proof width a2
projecting to the other side (to the B side in the figure). First
dust-proof width al exemplifies the first width. First dust-
proof width a2 exemplifies an eighth width.

Second dust-proof wall 220 is made of plastic in a flat plate
shape. Second dust-proof wall 220 has opening 220a pen-
etrating from the front face to the rear face. Opening 2204 has
opening width D in the A-B direction. Opening 220a exem-
plifies a second opening. Opening width D exemplifies a
second opening width. Projection lens 170 is provided so as to
penetrate opening 220a in second dust-proof wall 220. Sec-
ond dust-proofwall 220 is located between front surface 2005
of frame 200 and first dust-proof wall 210 in the direction of
the optical axis and on the outer periphery of projection lens
170 such that the front face and the rear face are perpendicular
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to the optical axis. The front face of second dust-proof wall
220 is in contact with the rear face of front surface 2005
without any spacespace. Furthermore, the rear face of second
dust-proof wall 220 is in contact with the front face of first
dust-proof wall 210 without any spacespace. In summary,
from the side of screen 110 in the direction of the optical axis,
front surface 2005 of frame 200, second dust-proof wall 220,
and first dust-proof wall 210 are located in close contact in
this order.

Opening width D of opening 220a in second dust-proof
wall 220 is larger than width L of the cross section perpen-
dicular to the optical axis at a portion of projection lens 170,
where the second dust-proof wall is located. Opening width D
is smaller than opening width E of opening 200q in frame
200. Second dust-proof wall 220 can be thus located so as to
have a spacespace from the outer periphery of projection lens
170. Second dust-proof wall 220 is slidable with respect to
front surface 2005 and first dust-proof wall 210 on the plane
perpendicular to the optical axis within the range regulated by
regulator 200¢ and the outer periphery of projection lens 170.
Second dust-proof'wall 220 is thus regarded as being slidable
in the A-B direction.

The cross section in the figure includes distance 1 from the
position of the end on the A side of the outer periphery of
second dust-proof wall 220 having shifted to the farmost
position on the A side within the range regulated by regulator
200c¢ to the end on the A side of opening 2004 in frame 200.
Distance {1 indicates the shiftable range of second dust-proof
wall 220 in the A-B direction when projection lens 170 is
located at the farmost position on the A side. In this case, a
distance from the position of the end on the A side of the outer
periphery of second dust-proof wall 220 having shifted to the
farmost position on the A side within the range regulated by
regulator 200¢ to the end on the B side of opening 2004 in
frame 200 is equal to the sum of distance fl and opening
width E. Distance fl exemplifies a sixth width.

Distance 12 is defined to be from the position of the end on
the B side of the outer periphery of second dust-proof wall
220 having shifted to the farmost position on the B side within
the range regulated by regulator 200c to the end on the B side
of opening 200a in frame 200. Distance f2 indicates the
shiftable range of second dust-proof wall 220 in the A-B
direction when projection lens 170 is located at the farmost
position on the B side. In this case, a distance from the
position of the end on the B side of the outer periphery of
second dust-proof wall 220 having shifted to the farmost
position on the B side within the range regulated by regulator
200c¢ to the end on the A side of opening 2004 in frame 200 is
equal to the sum of distance {2 and opening width E.

Second dust-proof wall 220 has second dust-proof width
b1 of a portion on the A side with respect to projection lens
170, and second dust-proof width b2 ofa portion on the B side
with respect to projection lens 170. Second dust-proof width
b1 exemplifies the second width.

For the purpose of easier description, assume that projec-
tion lens 170 is located at a first position and second dust-
proof wall 220 is located at a second position. Assume that
second dust-proof wall 220 is shiftable from the second posi-
tion to the A side by distance c1 (the shiftable distance until
coming into contact with regulator 200¢), and is shiftable to
the B side by distance c2 (the shiftable distance until coming
into contact with regulator 200c¢). Assume that, in the spac-
espace in the A-B direction between the outer periphery of
projection lens 170 and second dust-proof wall 220, a portion
on the A side has distance d1, whereas a portion on the B side
has distance d2. Assume that, in the spacespace in the A-B
direction between the outer periphery of projection lens 170
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and frame 200, a portion on the A side has distance el,
whereas a portion on the B side has distance e2. Distance c2
exemplifies a third width. Distance d1 exemplifies a fourth
width. Distance el exemplifies a fifth width.

Distances c1, d1, el, c2, d2, and e2 indicate dimensions of
respective portions in the A-B direction on the cross section
including the optical axis and parallel to the A-B direction
when projection lens 170 and second dust-proof wall 220 are
located at certain positions. These values vary as projection
lens 170 and second dust-proof wall 220 shift. First dust-
proof widths al and a2, second dust-proof widths b1 and b2,
opening widths D and E, width L, and distances fl and 2
indicate dimensions of respective portions defined upon
designing projector 100, and have constant values regardless
of'the positions of projection lens 170 and second dust-proof
wall 220.

In this case, even when projection lens 170 shifts to the B
side, shield 205 is capable of shielding the spacespace
between frame 200 and projection lens 170 under the follow-
ing conditions. In projection lens 170, first dust-proof width
al is not less than distance d1 (condition 1-1). Second dust-
proof width b1 is not less than a length obtained by subtract-
ing distance d1 from distance el (condition 2-1). A length
obtained by subtracting distance el from the sum of second
dust-proof width b1 and distance d1 is not less than distance
c2 (condition 3-1).

Similarly, even when projection lens 170 shifts to the A
side, shield 205 is capable of shielding the space between
frame 200 and projection lens 170 under the following con-
ditions. In projection lens 170, first dust-proof width a2 is not
less than distance d2 (condition 1-2). Second dust-proof
width b2 is not less than a length obtained by subtracting
distance d2 from distance e2 (condition 2-2). A length
obtained by subtracting distance e2 from the sum of second
dust-proof width b2 and distance d2 is not less than distance
cl (condition 3-2).

Projector 100 is configured to satisfy these six conditions
in the A-B direction. These conditions are expressed by the
following equations.

al=dl (Condition 1-1)

blzelzdl (Condition 2-1)

bl+dl-elzc2 (Condition 3-1)

a2=d2 (Condition 1-2)

b2=e2-d2 (Condition 2-2)

b2+d2-e2=cl (Condition 3-2)

Condition 1-1 relates to a dimension that allows first dust-
proof wall 210 having first dust-proof width al to shield the
space (distance d1) between the outer periphery of projection
lens 170 and second dust-proof wall 220. The same applies to
condition 1-2.

Condition 2-1 relates to a dimension that allows first dust-
proof wall 210 and second dust-proof wall 220 to shield the
space (distance el) between projection lens 170 and front
surface 2006 of frame 200. The substantially shieldable
length obtained by combining first dust-proof wall 210 and
second dust-proof wall 220 is equal to the sum of second
dust-proof width b1 and distance d1. This is expressed as
condition 2-1. The same applies to condition 2-2.

Condition 3-1 is described as follows. If second dust-proof
wall 220 is located at the second position, the shiftable dis-
tance of second dust-proof wall 220 to the B side without any
space being formed in the A-B direction between second
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dust-proof wall 220 and front surface 2005 of frame 200 is
obtained by subtracting distance el from the sum of second
dust-proof width b1 and distance d1. Distance c2 is equal to
the shiftable distance of second dust-proof wall 220 to the B
side until coming into contact with regulator 200¢ of frame
200. Condition 3-1 relates to the dimension that prevents any
space from being formed between second dust-proofwall 220
and front surface 2005 of frame 200 when regulator 200¢
regulates the shiftable range of second dust-proof wall 220.
The same applies to condition 3-2.

From a different perspective, even when projection lens
170 shifts to the B side, shield 205 is capable of shielding the
space between frame 200 and projection lens 170 under the
following conditions. An outer diameter of second dust-proof
wall 220 in the A-B direction, more particularly, the sum of
second dust-proof width b1, second dust-proof width b2, and
opening width D is not less than the sum of distance f1 and
opening width E (condition 4-1). Furthermore, the sum of
width L of projection lens 170 and first dust-proof width a2 is
not less than opening width D (condition 5-1).

Similarly, even when projection lens 170 shifts to the A
side, shield 205 is capable of shielding the space between
frame 200 and projection lens 170 under the following con-
ditions. The outer diameter of second dust-proof wall 220 in
the A-B direction, more particularly, the sum of second dust-
proof width b1, second dust-proof width b2, and opening
width D is not less than the sum of distance f2 and opening
width E (condition 4-2). Furthermore, the sum of width L. of
projection lens 170 and first dust-proof width al is not less
than opening width D (condition 5-2).

Projector 100 is configured to satisfy these four conditions
in the A-B direction. These conditions are expressed by the
following equations.

b1+b2+D=f1+E (Condition 4-1)
L+a2=D (Condition 5-1)
b1+b2+D=2+E (Condition 4-2)
L+al=D (Condition 5-2)

In other words, even when projection lens 170 shifts in the
A-B direction, shield 205 is capable of shielding the space
between frame 200 and projection lens 170 if all of conditions
4-1, 5-1, 4-2, and 5-2 are satisfied.

Projector 100 is configured so as to satisfy conditions simi-
lar to the above in all of the shiftable directions of projection
lens 170. Accordingly, regardless of the positions of the pro-
jection lens 170 and second dust-proof wall 220 within the
shiftable ranges, there is formed no space in the direction
perpendicular to the optical axis between second dust-proof
wall 220 and front surface 2005 of frame 200. Furthermore,
there is formed no space in the direction perpendicular to the
optical axis between second dust-proof wall 220 and first
dust-proofwall 210. Accordingly, second dust-proofwall 220
is configured to shield the space between first dust-proof wall
210 and frame 200 regardless of the position of projection
lens 170. Shield 205 shields the space between frame 200 and
projection lens 170. In other words, shield 205 and projection
lens 170 shield opening 200q in frame 200.

[1-2. Operation]

[1-2-1. Lens Shift Operation]

FIG. 4 is a view of the configuration around projection lens
170 of projector 100. Similarly to FIG. 3, FIG. 4 includes a
sectional view taken along a plane including the optical axis,
of projection lens 170 and its periphery, and a rear view
thereof from backward in the direction of the optical axis.
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While FIG. 3 shows the state where projection lens 170 is
located substantially at the center in the shiftable range, FIG.
4 shows the state where projection lens 170 shifts to the end
on the A side within the shiftable range.

With reference to FIG. 4, description will be given below of
the state where projection lens 170 performs lens shift from
the state shown in FIG. 3 so as to shift on the plane perpen-
dicular to the optical axis.

Projection lens 170 having the lens shift function is freely
shiftable on the plane perpendicular to the optical axis.

FIG. 4 shows the state where projection lens 170 performs
lens shiftto the A side (upward from the installation surface of
projector 100) until coming into contact with front surface
2005 of frame 200 (to the end of opening 200a). Distance el
is thus equal to O (mm). It is noted that the present exemplary
embodiment exemplifies the case where the width of front
surface 2005 is equal to second dust-proof width b2 of second
dust-proofwall 220. Accordingly, when projection lens 170 is
located so as to be in contact with front surface 2005 in the
cross section shown in FIG. 4, second dust-proof wall 220 is
in contact with both regulator 200¢ and the outer periphery of
projection lens 170.

First dust-proof widths al and a2, second dust-proof
widths bl and b2, distances c1, ¢2, d1, d2, el, and €2 are
configured so as to satisfy the conditions described above.
Accordingly, even when projection lens 170 performs lens
shift to the A side until coming into contact with front surface
2006 of frame 200, opening 200a in frame 200 can be
shielded by projection lens 170 and shield 205.

[1-3. Effects]

The configuration described above is capable of inhibiting
entry of dust and the like through opening 2004 in frame 200.
In comparison to a case where a shield is configured by a
single dust-proof wall, the shiftable distance of projection
lens 170 can be kept equally while projector 100 can be
reduced in size. Alternatively, the shiftable distance of pro-
jection lens 170 can be extended while projector 100 is
unchanged in size.

With reference to FIGS. 5A and 5B, description will be
given below of reasons for the effects.

FIGS. 5A and 5B each illustrate the effects of projector 100
according to the present exemplary embodiment. FIG. 5A is
a view showing the relationship between projection lens 170
and frame 200 in a case where a shield is configured by single
dust-proof wall 820. In FIG. 5A, dust-proof wall 820 has
dust-proofwidth b'1 onthe A side and dust-proof width b'2 on
the b side. Dust-proof'wall 820 has shiftable distance c¢'1 from
a certain position (third position) to the A side. Dust-proof
wall 820 has shiftable distance ¢'2 from the third position to
the B side. Assume that the space in the A-B direction
between the outer periphery of projection lens 170 and frame
200 has distance e'l on the A side. Assume that the space in
the A-B direction between the outer periphery of projection
lens 170 and frame 200 has distance e2 on the B side.

FIG. 5B is a view showing the relationship between pro-
jection lens 170 and frame 200 in the case where shield 205 is
configured by two dust-proof walls, namely, first dust-proof
wall 210 and second dust-proof wall 220, as in the present
exemplary embodiment.

In the configuration including the single dust-proof wall as
shown in FIG. 5A, frame 200 is protected from dust, more
particularly, dust-proof wall 820 shields the space between
frame 200 and projection lens 170 within the shiftable range
of projection lens 170 under the following conditions.

e'l+e2=b'l

e'l+e2=b'2
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Meanwhile, in FIG. 5B, frame 200 is protected from dust,
more particularly, shield 205 shields the space between frame
200 and projection lens 170 within the shiftable range of
projection lens 170 under the following conditions.

el+e2=d1+d2+b1

el+e2=d1+d2+b2

Description is given while particular values are applied.
There are obtained necessary lengths b'2 and b2 under the
following conditions.

e'l=el=e2=e2=20 (mm)
(More particularly, el+e2=40 (mm), e'1+e"2=40 (mm))
d1+d2=10 (mm)

In order to satisfy the conditions described earlier with the
above values, dust-proof widths b'1 and b'2 need to be not less
than 40 (mm). Second dust-proof widths b1 and b2 need to be
not less than 30 (mm). Second dust-proof widths b1 and b2
can be thus shorter than dust-proof widths b'l and b"2.

In comparison to the case where the shield is configured by
a single dust-proof wall, when the shield includes the two
dust-proof walls as in the present exemplary embodiment, the
shiftable distance of projection lens 170 can be kept equally
while projector 100 can be reduced in size. Alternatively, the
shiftable distance of projection lens 170 can be extended
while projector 100 is unchanged in size. In projection lens
170 provided so as to be partially exposed from opening 200a
in frame 200, first dust-proof wall 210 and second dust-proof
wall 220 are capable of inhibiting entry of dust and the like
into frame 200. It is thus possible to suppress deterioration in
optical transmittance due to entry of dust.

[1-4. Conclusion]

A housing for a projection display device according to the
present exemplary embodiment includes frame 200 that has
opening 200a in which projection lens 170 is located so as to
be shiftable in the A-B direction, shield 205 that is shiftable in
the A-B direction with respect to frame 200 and shields open-
ing 200a along with projection lens 170, and regulator 200¢
that regulates shift of shield 205. Shield 205 has first dust-
proof wall 210 and second dust-proof wall 220. First dust-
proof wall 210 is located so as to be in contact with the outer
periphery of projection lens 170, is shiftable integrally with
projection lens 170, and has first dust-proof width al project-
ing from the outer periphery of projection lens 170 to the A
side in the A-B direction. Second dust-proof wall 220 is
located between opening 200a and first dust-proof wall 210
so0 as to have a space from the outer periphery of projection
lens 170, is slidable in the A-B direction within the range
regulated by regulator 200¢, and has second dust-proof width
b1 defined as the length of the portion on the A side. When
projection lens 170 is located at the first position and second
dust-proofwall 220 is located at the second position, distance
c2 is defined as the shiftable length of second dust-proof wall
220 from the second position to the B side with respect to
projection lens 170, distance d1 is defined as the length of'the
portion on the A side in the space between the outer periphery
of projection lens 170 and second dust-proof wall 220, and
distance el is defined as the length of the portion on the A side
in the space between the outer periphery of projection lens
170 and frame 200. In this case, first dust-proof width al is not
less than distance d1, second dust-proof width b1 is not less
than the length obtained by subtracting distance d1 from
distance el, and the length obtained by subtracting distance
el from the sum of second dust-proof width b1 and distance
d1 is not less than distance c2.



US 9,122,137 B2

11

A housing for a projection display device according to the
present exemplary embodiment includes frame 200 that has
opening 200a in which projection lens 170 is located so as to
be shiftable in the A-B direction, shield 205 that is shiftable in
the A-B direction with respect to frame 200 and shields open-
ing 200a along with projection lens 170, and regulator 200¢
that regulates shift of shield 205. Shield 205 has first dust-
proof wall 210 and second dust-proof wall 220. First dust-
proof wall 210 is located so as to be in contact with the outer
periphery of projection lens 170, is shiftable integrally with
projection lens 170, and has first dust-prootf width a2 project-
ing from the outer periphery of projection lens 170 to the B
side in the A-B direction. Second dust-proof wall 220 is
located between opening 200a and first dust-proof wall 210,
has opening 220a in which projection lens 170 is located, is
slidable in the A-B direction within the range regulated by
regulator 200¢. Opening 200q has opening width E in the A-B
direction, and opening 220q has opening width D in the A-B
direction. Distance f1 is defined as the distance from the
position of the end on the A side of the outer periphery of
second dust-proof wall 220 having shifted to the farmost
position on the A side within the range regulated by regulator
200c¢ to the end on the A side of opening 200a. Projection lens
170 has width L in the A-B direction. In this case, the outer
diameter of second dust-proofwall 220 in the A-B direction is
not less than the sum of distance {1 and opening width E,
whereas the sum of width L and first dust-proof width a2 is
not less than opening width D.

The configuration described above is capable of inhibiting
entry of dust and the like through opening 2004 in frame 200.
Furthermore, the shiftable distance of projection lens 170 can
be kept equally while projector 100 can be reduced in size.
Alternatively, the shiftable distance of projection lens 170 can
be extended while projector 100 is unchanged in size. Con-
sequently, the housing for a projection display device is rela-
tively small in size and is capable of protecting the inside of
the housing from dust.

Second Exemplary Embodiment

[2-1. Outline]

The second exemplary embodiment is described below
with reference to FIG. 6. FIG. 6 is a view of the configuration
around a projection lens of a projector according to the second
exemplary embodiment.

The first exemplary embodiment exemplified the case
where second dust-proof wall 220 slides while being regu-
lated by regulator 200c¢ of frame 200. The second exemplary
embodiment exemplifies a case where second dust-proofwall
620 slides while being regulated by regulator 630. Other
configurations and operation are similar to those of the first
exemplary embodiment and thus are not described repeat-
edly.

A housing for a projection display device according to the
second exemplary embodiment includes second dust-proof
wall 620 in place of second dust-proof wall 220.

Second dust-proof wall 620 is made of plastic in a flat plate
shape, and has opening 620a penetrating from the front face
to the rear face. Second dust-proof wall 620 is provided, at
each side surface, with cutout 635. Projection lens 170 is
provided so as to penetrate opening 620q in second dust-proof
wall 620. Second dust-proofwall 620 is located between front
surface 2005 of frame 200 and first dust-proof wall 210 in the
direction of the optical axis and on the outer periphery of
projection lens 170. The front face of second dust-proof wall
620 is in contact with the rear face of front surface 2005
without any space. Furthermore, the rear face of second dust-
proof wall 620 is in contact with the front face of first dust-
proof wall 210 without any space. More particularly, second
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dust-proof wall 620 is provided so as to shield the space
between first dust-proof wall 210 and frame 200.

Regulator 630 is a columnar projection projecting paral-
lelly to the optical axis and is connected to frame 200. Regu-
lator 630 is made of metal, resin, or the like.

In the present exemplary embodiment, when second dust-
proofwall 620 slides along with lens shift, cutout 635 is made
in contact with regulator 630. Shift of second dust-proof wall
620 is thus regulated by regulator 630. Second dust-proof
wall 620 has shiftable distance c1 from the position indicated
in the figure to the A side with respect to projection lens 170,
for example (shiftable distance until coming into contact with
regulator 630). Similarly, second dust-proof wall 620 has
shiftable distance c2 to the B side with respect to projection
lens 170 (shiftable distance until coming into contact with
regulator 630).

In projector 100 according to the first exemplary embodi-
ment, the shiftable range of second dust-proof wall 220 is
regulated because regulator 200c¢ provided at the inner
peripheral surface of frame 200 comes into contact with the
outer periphery of second dust-proof wall 220. To the con-
trary, in the second exemplary embodiment, the shiftable
range of second dust-proof wall 620 is regulated because
regulator 630 provided not at the inner periphery of frame 200
comes into contact with cutout 635 in second dust-proof wall
620. This configuration does not require regulation by the
regulator provided at the inner periphery of frame 200. This
enhances flexibility in design of frame 200, as well as the
exterior panel accommodating frame 200.

(Other Exemplary Embodiments)

The first and second exemplary embodiments have been
described above in order to exemplify the technique disclosed
in the present application. The technique according to the
present disclosure is not limited to the above but is applicable
to any other exemplary embodiment obtained by modifica-
tion, replacement, addition, removal, and the like where
appropriate.

Other embodiments are thus collectively described below.

The first exemplary embodiment exemplified the case
where first dust-proof wall 210 is made of sponge. First
dust-proof wall has only to be located so as to be in contact
with the outer periphery of the projection lens, be shiftable
integrally with the projection lens, and shield the opening in
the frame along with the projection lens and the second dust-
proofwall. For example, the first dust-proofwall can be made
of resin or the like. First dust-proof wall 210 and projection
lens 170 can be stuck to each other with an adhesive. Outer
periphery of first dust-proof wall 210 can be provided inte-
grally with another first dust-proof wall.

The first exemplary embodiment exemplified the case
where frame 200 is made of a material different from that of
exterior panel 112. Alternatively, the frame and the exterior
panel can be provided integrally with each other. Still alter-
natively, the regulator and the exterior panel can be provided
integrally with each other.

According to the first exemplary embodiment, first dust-
proof wall 210 and second dust-proof wall 220 each have the
shape surrounding projection lens 170, more particularly, the
annular shape. In accordance with the shiftable range of the
projection lens in a certain direction, the necessary width of a
dust-proof wall in the direction varies. In a configuration in
which the projection lens does not shift in a direction, the
other portions can be configured appropriately so as to elimi-
nate the width of the dust-proof wall in the direction, in other
words, to form the dust-proof wall into a non-annular shape
provided with a cutout at the portion.
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The exemplary embodiment has been described above in
order to exemplify the technique in the present disclosure.
The accompanying drawings and the detailed description
have been provided for this purpose.

In order to exemplify the technique, the constituent ele-
ments depicted in the accompanying drawings and described
in the detailed description may include unessential constitu-
ent elements for achieving the object in addition to the con-
stituent elements essential for achieving the object. It should
not readily regard the unessential constituent elements as
being essential just because these unessential constituent ele-
ments are depicted in the accompanying drawings or
described in the detailed description.

The exemplary embodiment described above exemplifies
the technique in the present disclosure, and thus can be modi-
fied, replaced, added, and removed in various manners within
the scope of the claims or equivalents thereof.

The technique according to the present disclosure is appli-
cable to a projection display device such as a projector.

What is claimed is:

1. A housing for a projection display device, the housing
comprising:

a frame having an opening in which a projection lens is

located so as to be shiftable in a first axis direction;

a shield shiftable in the first axis direction with respect to
the frame, for shielding the opening along with the pro-
jection lens; and

a regulator for regulating shift of the shield;

wherein the shield includes:

a first dust-proof wall that is located so as to be in contact
with an outer periphery of the projection lens, is shift-
able integrally with the projection lens, and has a first
width projecting from the outer periphery of the projec-
tion lens to a first side in the first axis direction, and

a second dust-proof wall that is located between the open-
ing and the first dust-proof wall so as to have a space
from the outer periphery of the projection lens, is slid-
able in the first axis direction within a range regulated by
the regulator, and has a second width corresponding to a
length of a portion on the first side;

wherein when the projection lens is located at a first posi-
tion and the second dust-proofwall is located at a second
position, assuming that the second dust-proof wall has a
third width corresponding to a length shiftable from the
second position to a second side opposite to the first side
with respect to the projection lens, a fourth width corre-
sponding to a length of a portion on the first side in the
space between the outer periphery of the projection lens
and the second dust-proof wall, and a fifth width corre-
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the first width is not less than the fourth width,

the second width is not less than a length obtained by
subtracting the fourth width from the fifth width, and

a length obtained by subtracting the fifth width from a
sum of the second width and the fourth width is not
less than the third width.

2. The housing for a projection display device according to
claim 1, wherein the regulator is provided at the frame.

3. The housing for a projection display device according to
claim 1, wherein the first axis direction is perpendicular to an
optical axis of the projection lens.

4. A projection display device comprising the housing fora
projection display device according to claim 1.

5. A housing for a projection display device, the housing
comprising:

a frame having a first opening in which a projection lens is

located so as to be shiftable in a first axis direction;

a shield shiftable in the first axis direction with respect to
the frame, for shielding the first opening along with the
projection lens; and

a regulator for regulating shift of the shield;

wherein the shield includes:

a first dust-proof wall that is located so as to be in contact
with an outer periphery of the projection lens, is shift-
able integrally with the projection lens, and has an eighth
width projecting from the outer periphery of the projec-
tion lens to a second side opposite to a first side in the
first axis direction, and

a second dust-proof wall that is located between the first
opening and the first dust-proof wall, has a second open-
ing in which the projection lens is located, and is slidable
in the first axis direction within a range regulated by the
regulator;

wherein assuming that the first opening has a first opening
width in the first axis direction, the second opening has
a second opening width in the first axis direction, a sixth
width is a distance from a position of an end on the first
side of an outer periphery of the second dust-proof wall
having shifted to a farmost position on the first side
within the range regulated by the regulator to an end on
the first side of the first opening, and the projection lens
has a seventh width in the first axis direction,

the second dust-proof wall has an outer diameter in the first
axis direction not less than a sum of the sixth width and
the first opening width, and

a sum of the seventh width and the eighth width is not less
than the second opening width.

6. A projection display device comprising the housing for a

projection display device according to claim 5.
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